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LIGHT-EMITTING DEVICE, METHOD OF 
FABRICATING THE SAME, AND 

ELECTRONIC APPARATUS 

BACKGROUND 

0001 1. Technical Field 
0002 The present invention relates to a light-emitting 
device, a method of fabricating the same, and an electronic 
apparatus. 
0003 2. Related Art 
0004 Light-emitting devices Such as organic electro 
luminescence devices (hereinafter, referred to organic EL 
devices) are being used as display devices for electronic 
apparatuses such as cellular phones, personal computers, 
and PDAs (Personal Digital Assistants) and exposure heads 
in image forming devices such as digital copy machines and 
printers. An example of a light-emitting device is one having 
a multi-layered structure formed by Stacking a plurality of 
thin films with a variety of refractive indexes including a 
light-emitting layer. 
0005. The refractive index of the light-emitting layer is 
different in accordance with a material, but it is generally in 
the range of 1.55 to 2.3 or so at 550 nm and is larger than 
those of air (n=1.0) and a glass material (n=1.5). Accord 
ingly, light emitted from a layer of high refractive index 
passes an interface between a layer of high refractive index 
and a layer of low refractive index at least once in order to 
reach the air layer (n=1.0) on the viewer side, whereby light 
mostly propagates in a guided mode in a width direction of 
a substrate due to a total reflection of the interface, and thus 
does not contribute to display. 
0006 To date, several technologies have been used to 
induce a scattering effect, a diffractive effect, and a photonic 
crystal effect and suppress a total reflection of emitted light 
So as to increase the amount of light that propagates in a 
radiation mode by forming an uneven structure or a micro 
scopic periodic structure in one interface between stacked 
thin films (see JP-A-2001-76864 and JP-A-2004-22438). 
0007. In a technology disclosed in JP-A-2001-76864, an 
uneven structure is formed on a glass Substrate so as to avoid 
optical confinement, which improves light extraction effi 
ciency. Specifically, the uneven structure is formed using a 
sacrificed oxide film. Additionally, in a technology disclosed 
in JP-A-2004-22438, as a top emission structure, a reflection 
layer of a lower Substrate has an uneven structure, and a 
refractive index of a layer planarizing the uneven structure 
is larger than that of a light-emitting layer. According to 
these known technologies, complicated processes are 
needed to form a microscopic structure and planarize an 
upper portion of the structure. 

SUMMARY 

0008. An advantage of some aspects of the invention is to 
provide a configuration which can provide the same direc 
tive scattering effect and the like with a simpler configura 
tion. Another advantage of some aspects of the invention is 
to provide a method which can provide the same directive 
scattering effect and the like with a simpler process. 
0009. According to an aspect of the invention, there is 
provided a light-emitting device in which a plurality of thin 
films including a light-emitting layer are stacked. The light 
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emitting device includes a waveform structure having a 
directive scattering function in one interface between the 
thin films. 
0010. According to the light-emitting device, by forming 
the waveform structure having the directive scattering in one 
interface of layers in the light-emitting device, it is possible 
to decrease light which is reflected totally on an interface 
between layers of a high refractive index and a low refrac 
tive index, and increase light radiated to the air. 
0011. The waveform structure may include a plurality of 
convex and concave portions randomly disposed and the 
convex and concave portions have a smooth surface, that is, 
an unevenness structure without an edge. 
0012. It is possible to perform the directive scattering 
effect more certainly by employing the waveform structure. 
0013. It is preferable that the distance between adjacent 
convex portions in the waveform structure is in the range of 
300 nm to 1200 nm. 
0014. It is possible to appropriately scatter each light of 
colors by forming the distance between adjacent convex 
portions by the wavelength range of visible light as 
described above. When the distance between adjacent con 
vex portions is less than 300 nm, near-UV light is most 
strongly directively scattered. However, it becomes a struc 
ture that visible light is not directively scattered, so there is 
a case that the directive scattering effect can not be obtained. 
When the distance between adjacent convex portions is 1200 
nm or more, near-IR light is most strongly directively 
scattered, and it becomes a structure that visible light is not 
directively scattered, so there is a case that the directive 
scattering effect can not be obtained. 
0015. It is preferable that the distance between adjacent 
convex portions in the waveform structure is in the range of 
-250 nm to +250 nm centered around a peak wavelength of 
a spectrum of an emission color in the light-emitting layer. 
0016. It is possible to appropriately scatter the emission 
color by forming the distance between adjacent convex 
portions in the waveform structure to be in the range of -250 
nm to +250 nm from the peak wavelength of the spectrum 
of the emission color. When the distance between adjacent 
convex portions is less than -250 nm from the peak wave 
length of the spectrum of the emission color, the directive 
scattering is not exhibited in every peak wavelength of the 
spectrum of the emission color, so there is a case that the 
effect can not be obtained. Likewise, when the distance 
between adjacent convex portions is +250 nm or more from 
the peak wavelength of the spectrum of the emission color, 
the directive scattering effect is not exhibited in every peak 
wavelength of the spectrum of the emission color, so there 
is a case that the directive scattering effect can not be 
obtained. 
0017. It is preferable that the height between a convex top 
portion and a concave bottom portion in the waveform 
structure is in the range of 50 nm to 500 nm. 
0018. As mentioned above, when the height between the 
convex top portion and the concave bottom portion is less 
than 50 nm, there is a case that the directive scattering effect, 
is not exhibited sufficiently. When the height between the 
convex top portion and the concave bottom portion is 500 
nm or more, there is a case that a planarization process of 
forming a planarization layer and the like becomes difficult. 
0019. It is preferable that the waveform structure occu 
pies 30% or more of the total area of the interface between 
the thin films. 
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0020. It is possible to more certainly perform the direc 
tive scattering effect by employing the waveform structure. 
When the waveform structure occupies less than 30% of the 
total area of the interface between the thin films, there is a 
case that light can not be sufficiently scattered. 
0021. According to another aspect of the invention, there 

is provided a method of fabricating a light-emitting device 
in which a plurality of thin films including a light-emitting 
layer are stacked, and the light-emitting device includes a 
waveform structure having a directive scattering function in 
one interface between the thin films. The method includes a 
waveform structure forming process of forming a film made 
of mesoporous silica by the use of a spin coat method, and 
forming the waveform structure. 
0022. According to the method, it is possible that the 
waveform structure formed out of the mesoporous silica is 
simply formed and a directive scattering mechanism is 
simply formed as well. 
0023. It is preferable that the film formed out of the 
mesoporous silica is designed so as to be in the range of 10 
nm to 300 nm in the waveform structure forming process. 
0024. In the waveform structure which is formed so as to 
have the above-mentioned film thickness, the height 
between a convex top portion and a concave bottom portion 
is in the range of 50 nm to 500 nm, and it is possible to 
appropriately exhibit the directive scattering effect, 
0025. The waveform structure forming process includes 
depositing a silicon alkoxide Solution having a solid content 
in the range of 3 wt % to 8 wt % by the use of the spin coat 
method with the number of rotations in the range of 1500 
rpm to 4000 rpm, and performing a baking process in 
vacuum at the temperature of 300 to 400° C. for 0.5 to 5 
hours. 
0026. It is possible to simply and certainly form the 
waveform structure by employing the processes. That is, it 
is possible to certainly form the waveform structure by 
setting the solution content Supplied by the spin coat method 
with the number of rotations and the baking condition at the 
time of forming a film to the above-mentioned range in the 
waveform structure forming process. 
0027. According to another aspect of the invention, there 

is provided an electronic apparatus including the light 
emitting device. It is possible for the electronic apparatus to 
achieve a highly visible display by the use of the light 
emitting device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0028. The invention will be described with reference to 
the accompanying drawing, wherein like numbers reference 
like elements. 
0029 FIG. 1 is a schematic diagram illustrating a wiring 
structure of an organic EL panel related to an organic EL 
device according to the embodiments of the invention. 
0030 FIG. 2 is a top plan view illustrating a configuration 
of the organic EL panel related to the organic EL device 
according to the embodiments of the invention. 
0031 FIG. 3 is a sectional view illustrating a configura 
tion of an organic EL element according to a first embodi 
ment of the invention. 

0032 FIG. 4 is a top plan view schematically illustrating 
a configuration of a waveform structure constituting the 
organic EL element according to the first embodiment. 
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0033 FIG. 5 is a side view schematically illustrating the 
configuration, of the waveform structure constituting the 
organic EL element according to the first embodiment. 
0034 FIG. 6 is a diagram illustrating a detected result of 
directive scattered light of 450 nm in transmission of a 
directive scattering layer according to the first embodiment. 
0035 FIG. 7 is a diagram illustrating a detected result of 
directive scattered light of 450 nm in refraction of the 
directive scattering layer according to the first embodiment. 
0036 FIG. 8 is a table illustrating a correlation between 
a depth of a waveform structure and an angle of a directive 
scattering at 450 nm. 
0037 FIG. 9 is a diagram illustrating a detected result of 
directive scattered light of 550 nm in transmission of the 
directive scattering layer according to the first embodiment. 
0038 FIG. 10 is a diagram illustrating a detected result of 
the directive scattered light of 550 nm in refraction of the 
directive scattering layer according to the first embodiment. 
0039 FIG. 11 is a diagram illustrating a detected result of 
directive scattered light of 650 nm in transmission of the 
directive scattering layer according to the first embodiment. 
0040 FIG. 12 is a diagram illustrating a detected result of 
the directive scattered light of 650 nm in refraction of the 
directive scattering layer according to the first embodiment. 
0041 FIG. 13 is a sectional view schematically illustrat 
ing a configuration of an organic EL element according to a 
second embodiment of the invention. 
0042 FIG. 14 is a sectional view schematically illustrat 
ing a configuration of an organic EL element according to a 
third embodiment of the invention. 
0043 FIG. 15 is a sectional view schematically illustrat 
ing a configuration of an organic EL element according to a 
fourth embodiment of the invention. 
0044 FIG. 16 is a graph of an energy radiated to the air 
on the viewer side with respect to the current density when 
displaying a white, in the organic EL element according to 
the first embodiment. 
0045 FIG. 17 is a table illustrating a measurement result 
of a chromaticity when observed in the direction of 0° and 
45° and a blue pixel XB is turned on, in the organic EL 
element according to the first embodiment. 
0046 FIG. 18 is a table illustrating a measurement result 
of a chromaticity when observed in the direction of 0° and 
45° and a white is displayed, in the organic EL element 
according to the first embodiment. 
0047 FIG. 19 is a sectional view schematically illustrat 
ing a configuration of an organic EL element according to a 
fifth embodiment of the invention. 
0048 FIG. 20 is a sectional view schematically illustrat 
ing a configuration of an organic EL element according to a 
sixth embodiment of the invention. 
0049 FIG. 21 is a sectional view schematically illustrat 
ing a configuration of an organic EL element according to a 
seventh embodiment of the invention. 
0050 FIG. 22 is a sectional view schematically illustrat 
ing a configuration of an organic EL element according to an 
eighth embodiment of the invention. 
0051 FIG. 23 is a graph illustrating a peak wavelength of 
a spectrum of an emission color of an organic EL layer. 
0.052 FIGS. 24A and 24B are diagrams illustrating a 
detected result of directive scattered light of 650 nm in 
transmission and refraction of a directive scattering layer 
according to a ninth embodiment. 
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0053 FIGS. 25A and 25B are diagrams illustrating a 
transmission characteristic and a refraction characteristic, 
respectively, when a cycle of a waveform is changed with 
respect to a wavelength of different incident light. 
0054 FIG. 26 is a sectional view schematically illustrat 
ing a configuration of an organic EL element according to 
the ninth embodiment of the invention. 
0055 FIG. 27 is a sectional view schematically illustrat 
ing a configuration of an organic EL element according to a 
tenth embodiment of the invention. 
0056 FIG. 28 is a sectional view schematically illustrat 
ing a configuration of an organic EL element according to an 
eleventh embodiment of the invention. 
0057 FIG. 29 is a sectional view schematically illustrat 
ing a configuration of an additional modified example of an 
organic EL element. 
0058 FIG. 30 is a sectional view schematically illustrat 
ing a configuration of an additional modified example of an 
organic EL element. 
0059 FIG. 31 is a sectional view schematically illustrat 
ing a configuration of an organic EL element according to a 
twelfth embodiment of the invention. 

0060 FIG. 32 is a sectional view schematically illustrat 
ing a configuration of an additional modified example of an 
organic EL element. 
0061 FIG.33 is a sectional view schematically illustrat 
ing a configuration of an additional modified example of an 
organic EL element. 
0062 FIG. 34 is a sectional view schematically illustrat 
ing a configuration of an additional modified example of an 
organic EL element. 
0063 FIGS. 35A, 35B, and 35C are diagrams illustrating 
electronic apparatuses including the organic EL device 
according to the embodiments of the invention. 

DESCRIPTION OF EXEMPLARY 
EMBODIMENTS 

0064. Hereinafter, an embodiment of the invention will 
be described in detail with reference to the accompanying 
drawings. 
0065. This embodiment shows an aspect of the invention, 
does not limit the invention, and may be modified in various 
forms without departing from the technical scope of the 
invention. Additionally, in the below drawings, in order to 
enable layers and members to be a recognizable size on the 
drawings, different scales are used depending on the layers 
and the members. 

Organic EL Panel 

0066 First of all, an organic EL panel of a light-emitting 
device according to embodiments of the invention will be 
described. 
0067 FIG. 1 is a schematic diagram illustrating a wiring 
structure of an organic EL panel 1. 
0068. The organic EL panel 1 of the embodiment is an 
active matrix system which uses thin-film transistors (here 
inafter, referred to as TFTs.) as switching elements and has 
a wiring configuration including a plurality of scanning lines 
101, a plurality of signal lines 102 extending perpendicular 
to the scanning lines 101, and a plurality of power lines 103 
extending parallel to the plurality of signal lines 102, 
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wherein a pixel X is formed in the proximity of each 
intersection point of the scanning lines 101 and the signal 
lines 102. 
0069. According to the technical scope of the invention, 
the active matrix system using TFT and the like is not 
essential, but it is possible to obtain the same effect when the 
invention is put into practice by using a Substrate for a 
simple matrix and performing a simple matrix drive. 
0070 A data line driving circuit 100 including a shift 
register, a level shifter, a video line, and an analog Switch is 
connected to the signal lines 102. In addition, a scan-driving 
circuit 80 including the shift register and the level shifter is 
connected to the Scanning lines 101. 
0071. Additionally, each pixel X includes a switching 
TFT 112 (a Switching element) where a scanning signal is 
provided to a gate electrode via the scanning lines 101, a 
retention capacitor 113 which keeps a pixel signal provided 
from the signal lines 102 via the switching TFT 112, a 
driving TFT 123 (a switching element) where the pixel 
signal kept by the retention capacitor 113 is provided to the 
gate electrode, a pixel electrode 23 (a first electrode) to 
which driving current flows from the power lines 103 at the 
time of electrically connecting to the power lines 103 via the 
driving TFT 123, and light-emitting layers 110 interposed 
between the pixel electrodes 23 and a negative electrode 50 
(a second electrode). 
0072 Next, a specific example of an organic EL panel 1 
according to an embodiment will be described with refer 
ence to FIGS. 2 and 3. Herein, FIG. 2 is a top plan view 
schematically illustrating a configuration of the organic EL 
panel 1. FIG. 3 is a sectional view schematically illustrating 
a unit pixel group of one of a plurality of organic EL 
elements constituting the organic EL panel 1. 
0073. A configuration of the organic EL panel 1 will be 
described with reference to FIG. 2. 
0074 FIG. 2 is a diagram illustrating the organic EL 
panel 1 which allows the light-emitting layers 110 to emit 
light by the use of various wirings, TFTs, pixel electrodes, 
and various circuits formed on a substrate 20. 
0075. As shown in FIG. 2, a unit part of the organic EL 
panel 1 includes the substrate 20 which has an electrical 
insulation property, the pixel X (see FIG. 1) which is formed 
by disposing the pixel electrode 2 3 connected to the 
switching TFT 112 on the substrate 20 in a matrix arrange 
ment, and a pixel portion 3 (within the range of a dashed 
dotted line in FIG. 2) which is disposed in at least the pixel 
X and Substantially formed so as to be rectangular in a plan 
V1eW. 

0076. The pixel portion 3 according to the embodiment is 
partitioned into an actual display region 4 (within the range 
of a dashed-two dotted line in the drawings) at the center 
thereof and a dummy region 5 (a region between the 
dashed-dotted line and the dashed-two dotted line) disposed 
outside of the actual display region 4. 
0077. In the actual display region 4, a red pixel XR, a 
green pixel XG, and a blue pixel XB which respectively emit 
a red emission (R), a green emission (G), and a blue 
emission (B) are regularly disposed in rows from left to 
right. Additionally, the color pixels XR, XG, and XB are 
arranged such that columns of the same color are formed. 
Also, each of the color pixels XR, XG, and XB includes a 
corresponding one of the light-emitting layers 110 which 
emits RGB colors in accordance with the operation of the 
TFTs 112 and 123. One of each of the color pixels XR, XG. 
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and XB form a unit pixel group PX (as described below), 
thereby enabling full color display to be performed by 
allowing the unit pixel group PX to perform a color mixture 
of emitting light of RGB. Therefore, a full color image is 
displayed in the actual display region 4 which is formed by 
arranging the unit pixel group PX in the matrix arrangement. 
0078. Additionally, the scan-driving circuits 80 are dis 
posed on both sides of the actual display region 4 in FIG. 2. 
The scan-driving circuits 80 are formed in a lower layer of 
the dummy region 5. 
0079 A detection circuit 90 is disposed in the upper side 
of the actual display region 4 in FIG. 2, and the detection 
circuit 90 is formed in a lower layer of the dummy region 5. 
The detection circuit 90 is a circuit for detecting an operating 
state of the organic EL panel 1. For example, a detected 
information outputting unit (not shown) that outputs 
detected information is formed so as to perform quality and 
defect inspection on the organic EL panel 1 at the time of 
fabrication or shipping, 
0080 Adriving voltage of the scan-driving circuit 80 and 
the detection circuit 90 is applied by a predetermined power 
Supply portion via a driving Voltage connecting portion (not 
shovel). Additionally, a driving control signal and the driv 
ing Voltage of the scan-driving circuit 80 and the detection 
circuit 90 are respectively transmitted and applied by a 
predetermined main driver and the like which control the 
operation of the organic EL panel 1 via a driving control 
signal connecting portion (not shown) and the driving Volt 
age connecting portion (not shown). In this case, the driving 
control signal is a command signal from the main driver and 
the like related to a control when the scan-driving circuit 80 
and the detection circuit 90 output a signal. 

First Embodiment 

0081. Next, a structure of a unit pixel group of the organic 
EL element with respect to a first embodiment of the organic 
EL element constituting an organic EL panel 1 will be 
described with reference to FIG. 3. 
0082 In FIG. 3, the pixel electrodes 23, the light-emitting 
layers 110, and the negative electrodes 50 constituting a part 
of the organic EL element corresponding to a pixel will be 
described in detail, and the driving TFT 123 is connected to 
the pixel electrodes 23. Additionally, the pixel electrodes 23 
constituting the organic EL element are each formed for a 
red pixel XR, a green pixel XG, and a blue pixel XB. As 
shown in FIG. 1, each pixel is driven by the driving TFT 
123. 
0083. As shown in FIG. 3, a unit pixel group Px of the 
organic EL element (an organic EL device) 1A has the 
light-emitting layers 110 which are interposed between the 
pixel electrodes 23 and the negative electrodes 50 on a 
substrate 20. In addition, a color filter substrate 40 is formed 
opposite the substrate 20. Each of the electrodes 23 and 50 
and the light-emitting layers 110 is disposed between the 
substrate 20 and the color filter substrate 40. A gap is formed 
between the substrate 20 and the color filter substrate 40 so 
that a filler 33 can be used to fill in a region surrounded by 
a sealing material 32. 
0084. Additionally, the light-emitting layers 110 are each 
formed of different luminous materials with respect to the 
red pixel XR, the green pixel XG, and the blue pixel XB so 
that they may emit a red light R, a green light G, and a blue 
light B, respectively. Also, light emitted from the light 
emitting layers 110 is emitted through the color filter sub 
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strate 40. Accordingly, the organic EL element 1A (the 
organic EL panel 1) according to the embodiment is formed 
So as to be of the top emission type. 
I0085. The substrate 20 is a transparent substrate, and a 
glass substrate is used in the embodiment. The material of 
the glass substrate has a refractive index of 1.54 for light 
having a wavelength of 550 nm. In addition, a reflection 
layer 21 which is formed of aluminum layer of a thin film is 
formed on the substrate 20, and light radiated from the 
light-emitting layers 110 is reflected toward the color filter 
substrate 40. For each pixel, a passivation layer 22 is formed 
on the reflection layer 21, and the corresponding pixel 
electrode 23 as a positive electrode is formed on the passi 
vation layer 22. 
I0086 Each of the pixel electrodes 23 is a transparent 
conducting film of ITO (Indium-Tin Oxide). IZO(Indium 
Zinc Oxide), or a complex oxide of a tin oxide, an indium 
oxide, a zinc oxide, or the like. In the embodiment, an ITO 
film is employed. The ITO film has a refractive index of 1.82 
for light having a wavelength of 550 nm. 
I0087 To form the pixel electrodes 23, a transparent 
conducting film is formed on the entire Surface (actually, it 
is the entire surface of the substrate 20 with the passivation 
layer 22 interposed therebetween) of the substrate 20 by 
means of a sputter method, and then the pixel electrodes 23 
corresponding to the red pixel XR, the green pixel XG, and 
the blue pixel XB are patterned by performing a wet etching 
process on the resultant film on which a resist mask is 
formed. 
I0088. The light-emitting layers 110 are each formed of a 
laminated body including a hole transporting layer 70 (the 
light-emitting layer) formed on the corresponding pixel 
electrode 23, an organic EL layer 60 (the light-emitting 
layer) formed on the hole transporting layer 70, and an 
electron transporting layer 55 (the light-emitting layer) 
formed on the organic EL layer 60. 
I0089. Each of the hole transporting layers 70 is a layer 
film which has a function of transporting and injecting a hole 
to the corresponding organic EL layer 60. As a material for 
forming the hole transporting layers 70, a high-molecular 
weight polymer material can be used such as a dispersion of 
3,4-polyethylenedioxythiophene/polystyrenesulfonate(PE 
DOT/PSS), that is, 3,4-polyethylenedioxythiophene is dis 
persed in polystyrenesulfonate as a dispersion medium, and 
then the result is dispersed in water again. Finally, the 
resultant dispersion is appropriately used. 
0090 The hole transporting layers 70 are not limited to 
the above-mentioned material, and may be formed of vari 
ous materials. For example, a polystyrene, a polypyrrole, a 
polyaniline, a polyacetylene, a derivate thereof, or the like 
which is dispersed in an appropriate dispersion medium, 
Such as, polystyrenesulfonate, can be used. As a material for 
forming the hole-transporting layers 70, a low-molecular 
weight material can be used Such as a common hole 
injecting material, examples of which are a copper phtha 
locyanine, m-MTDATA, TPD, and C-NPD which can be 
formed using a deposition method. 
0091. As a material for forming the organic EL layers 60, 
a known luminescence material which can emit a fluores 
cence or a phosphorescence can be used. In addition, organic 
EL layers 60R, 60G, and 60B are provided for the red pixel 
XR, the green pixel XG, and the blue pixel XB, respectively, 
and thus it is possible for the organic EL element 1A to 
display a full color display. 
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0092. Examples of a material for forming the organic EL 
layers 60 (60R, 60G, and 60B), specifically include a 
polysilane such as a (poly) fluorene derivative (PF), a (poly) 
paraphenylenevinylene derivative (PPV), a polyphenylene 
derivative (PP), a polyparaphenylene derivative (PPP), a 
polyvinyl carbazole (PVK), a polythiophene derivative, and 
a polymethylphenylsilane (PMPS) as a high-molecular 
weight polymer material. Additionally, a high-molecular 
weight polymer material can be used which has been doped 
with a high-molecular-weight-polymer-based material Such 
as a perylene pigment, a coumarin-based pigment, or a 
rhodamin-based pigment or a low-molecular-weight mate 
rial such as a Rubrene, a perillene, 9,10-diphenylarithracene, 
a tetraphenylbutadiene, a nile red, a coumarinó, or a quina 
cridone. A host material such as Alq3 or DPVBi as a 
low-molecular-weight material can be used which has been 
doped with a nile red, DCM, a rubrene, a perillene, or a 
rhodamine, or which has been formed using a deposition 
method. Additionally, the red organic EL layer 60R may be 
formed of MEHPPV (poly(3-methoxy6-(3-ethylhexyl)par 
aphenylenevinylene), the green organic EL layer 60G may 
be formed of a mixed solution of a polydioctylfluorene and 
F8BT(an alternate copolymer of a dioctylfluorene and a 
benzothiadizaoles), and the blue organic EL layer 60B may 
be formed of a polydioctylfluorene. 
0093. The electron transporting layers 55 are a layer film 
which has a function for transporting and injecting an 
electron to the organic EL layers 60. As a material for 
forming the electron transporting layers 55, for example, an 
alkali earth metal such as LiF and SrF2 or an alkali metal 
compound can be employed, 
0094. Each of the negative electrodes 50 is a counter 
electrode which is opposite the corresponding pixel elec 
trode 23. The negative electrodes 50 include a first negative 
electrode which is formed of a metal having a low work 
function formed on the organic EL layers 60 and a second 
negative electrode which is formed on the first negative 
electrode so as to protect the first negative electrode. As the 
metal forming the first negative electrode, it is preferable 
that the metal has a low work function of 3.0 eV or less. 
Specifically, it is preferable to use Ca which has a work 
function of 2.6 eV. Sr which has a work function of 2.1 eV. 
and Ba which has a work function of 2.5 eV. The second 
negative electrode is provided so as to protect the first 
negative electrode from oxygen, moisture, and the like by 
covering the first negative electrode. Moreover, it is pro 
vided so as to increase a conductive property of the entire 
negative electrode 50. Since the organic EL element 1A 
according to the embodiment is of the top emission type 
which acquires emitted light radiated from the color filter 
substrate 40, the negative electrode 50 has translucency. 
0095 Next, the organic EL element 1A which includes 
the light-emitting layers 110 of various colors between the 
pixel electrodes 23 and the negative electrodes 50 is sealed 
by a thin-film sealing layer 51. Additionally, the color filter 
substrate 40 is formed on the thin-film sealing layer 51 with 
the filler 33 in a region surrounded by the sealing material 
32 interposed therebetween. The color filter substrate 40 
includes a Substrate 41 which is disposed in a viewing side 
of the organic EL device 1, a directive scattering layer 35 
which is disposed on the substrate 41, a color filter layer 42 
which is disposed on the directive scattering layer 35, and an 
overcoat layer 43 which covers the color filter layer 42. 
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0096. The substrate 41 is a transparent substrate, and a 
glass Substrate is used in the embodiment. A material of the 
glass Substrate has a refractive index of 1.54 for light having 
a wavelength of 550 nm. Additionally, the directive scatter 
ing layer 35 is formed of a mesoporous silica film, and a 
waveform structure 31 is formed on a surface layer. The 
waveform structure 31 is formed so as to be capable of 
performing a directive scattering function. As shown in 
FIGS. 4 and 5, the waveform structure 31 includes a 
plurality of uneven structures (convex portions 31a and 
concave portions 31b) which are randomly disposed, and the 
uneven structures have a Smooth surface. 

0097 Herein, in the waveform structure 31, the distance 
between adjacent convex portions 31a is in the range from 
300 nm to 1200 nm as shown in FIG. 4. In addition, the 
height between a top portion of the convex portions 31a and 
a bottom portion of the concave portions 31b is in the range 
of 50 nm to 500 nm as shown in FIG. 5. Thanks to the 
above-described waveform structure 31 it is possible to 
appropriately perform a directive scattering function. The 
waveform structure 31 occupies 30% or more of a total area 
of the directive scattering layer 35. 
0098. By including the directive scattering layer 35, the 
directive scattering function is exhibited in the visible light 
region. When the waveform structure 31 occupies less than 
30% of the total area of the directive scattering layer 35, 
Sometimes the directive scattering is not sufficiently per 
formed in the visible light region. Additionally, when the 
height between the top portion of the convex portions 31a 
and the bottom portion of the concave portions 31b are more 
than 500 nm and the waveform structure 31 is planarized, 
cracking occurs. As a result, sometimes there is a lack of 
panel reliability. 
(0099. The color filter layers 42 of various colors of a red 
(R), a green (G), and a blue (B) are formed on the directive 
scattering layer 35. Additionally, the overcoat layer 43 
which covers the color filter layers 42 is formed thereon. The 
substrate 41, the directive scattering layer 35, the color filter 
layer 42, and the overcoat layer 43 constitute the color filter 
substrate 40. 

0100. In the unit pixel group PX having the above 
mentioned configuration, a bank (a partition wall) may be 
formed between each of the red pixel XR, the green pixel 
XG, and the blue pixel XB. In this case, it is possible to form 
a light-emitting layer formed of a high-molecular-weight 
polymer material by the use of a liquid droplet jet method. 
Additionally, it is preferable that the bank is formed of an 
inorganic bank including an inorganic material and an 
organic bank including an organic material. It is preferable 
that a surface of the inorganic bank is lyophilic and a surface 
of the organic bank is hydrophobic. Thus, when the light 
emitting layers 110 are formed by the use of the liquid 
droplet jet method, droplets can be disposed at the gaps 
between the banks. In addition, the light-emitting layers 110 
may be formed of a low-molecular-weight material. In this 
case, since the light-emitting layers 110 are formed by the 
use of a mask deposition method, it is not necessary to form 
the banks. In the light-emitting layers 110 formed of the 
low-molecular-weight material, it is preferable that a hole 
transporting layer or an electron injecting buffer layer is 
included. 

0101. In the organic EL element. 1A according to the 
configuration, when current flows between the pixel elec 
trodes 23 and the negative electrodes 50, the organic EL 
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layers 60 (603, 60G, and 60R) are emitted, and emitted light 
is emitted to the color filter substrate 40 via the negative 
electrodes 50. Alternatively, it is reflected on the reflection 
layer 21 formed on the substrate 20 and emitted to the color 
filter substrate 40 via the negative electrodes 50. At this time, 
since the directive scattering layer 35 is formed on the color 
filter substrate 40, emitted light is appropriately scattered. 
Therefore, it is possible to widen a viewing angle. 
0102 FIG. 6 is a detected result of directively scattered 
light in transmission when light having a wavelength of 450 
nm is incident on the directive scattering layer 35 at various 
angles of 0°, 15', 30°, and 60°. The horizontal axis indicates 
a light-receiving angle () and the vertical axis indicates a 
detected intensity (a.u.). In addition, FIG. 7 is a detected 
result of directively scattered light in reflection when light 
having the wavelength of 450 nm is incident on the directive 
scattering layer 35 at various angles of 0°, 15°. 30°, and 60°. 
The horizontal axis indicates a light-receiving angle () and 
the vertical axis indicates a detected intensity (a.u.). In 
FIGS. 6 and 7, the detected intensity in the incident angle in 
transmission is normalized, and the detected intensity in the 
specular reflection direction in reflection is normalized. 
0103) As mentioned above, according to the directive 
scattering layer 35 which is used in the embodiment, in the 
proximity of a wavelength of a blue, a detected peak due to 
the directive scattering is found in the angle of +25°, with 
respect to the direction of incident light or reflected light in 
transmission and reflection. With the help of the waveform 
structure 31, the directive scattering is performed. Different 
from a diffractive effect at the time of forming an uneven 
structure provided with a regular cycle. Some of incident 
light is scattered with the same directivity at the almost same 
angle even when the incident angle varies. 
0104. In the embodiment, the detected peak due to the 
directive scattering is set to be in the angle of +25° with 
respect to the direction of incident light or reflected light, but 
it is possible to control the angle of directive scattered light 
by changing an average of a depth of a waveform. FIG. 8 
shows a correlation between a depth of the waveform 
structure 31 at 450 nm and an angle of the directive 
scattering. Accordingly, by changing the average of the 
depth of the waveform structure 31, the angle of the direc 
tive scattering may be multiple. 
0105 Meanwhile, FIG. 9, is a detected result of direc 
tively scattered light in transmission when light having a 
wavelength of 550 nm is incident on the directive scattering 
layer 35 at various angles of 0°, 15, 30°, and 60°. The 
horizontal axis indicates a light-receiving angle () and the 
vertical axis indicates a detected intensity (a.u.). In addition, 
FIG. 10 is a detected result of directively scattered light in 
reflection when light having the wavelength of 550 nm is 
incident on the directive scattering layer 35 at various angles 
of 0°, 15, 30°, and 60°. The horizontal axis indicates a 
light-receiving angle () and the vertical axis indicates a 
detected intensity (a.u.). In FIGS. 9 and 10, the detected 
intensity in the incident angle in transmission is normalized, 
and the detected intensity in the specular reflection direction 
in reflection is normalized. 

0106. As mentioned above, due to the directive scattering 
layer 35 which is used in the embodiment, in the proximity 
of a wavelength of a green, a detected peak due to the 
directive scattering is found in transmission and reflection, 
so it is possible to obtain the directive scattering. However, 
in comparison with the wavelength of the green, it is 
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possible to obtain more directive scattering effect in the 
vicinity of the wavelength of the blue than that of the green. 
0107 FIG. 11 is a detected result of directively scattered 
light in transmission when light having a wavelength of 650 
nm is incident on the directive scattering layer 35 at various 
angles of 0°, 15', 30°, and 60°. The horizontal axis indicates 
a light-receiving angle () and the vertical axis indicates a 
detected intensity (a.u.). In addition, FIG. 12 is a detected 
result of directively scattered light; in reflection when light 
having a wavelength of 650 nm is incident on the directive 
scattering layer 35 at various angles of 0°, 15°. 30°, and 60°. 
The horizontal axis indicates a light-receiving angle () and 
the vertical axis indicates a detected intensity (a.u.). In 
FIGS. 11 and 12, the detected intensity in the incident angle 
in transmission is normalized, and the detected intensity in 
the specular reflection direction in reflection is normalized. 
0108. As mentioned above, due to the directive scattering 
layer 35 which is used in the embodiment, in the vicinity of 
a wavelength of a red, a detected peak due to the directive 
scattering is found in transmission and reflection, so the 
directive scattering effect can be obtained. However, in 
comparison with the wavelength of the red, the more direc 
tive scattering effect can be obtained in the vicinity of the 
wavelength of the blue than that of the red. 
0109 Namely, according to the directive scattering layer 
35 which is used in the embodiment, the directive scattering 
effect can be obtained in the blue, green, and red. The 
problem with the low light extraction efficiency can be 
solved in the red pixel XR, the green pixel XG, and the blue 
pixel XB. Additionally, a large directive scattering efficiency 
and a high directive scattering effect can be obtained in the 
blue region having a short wavelength, whereby it is pos 
sible to largely enhance the light extraction efficiency of the 
blue, thereby increasing the color temperature of the panel. 
0110. A detailed comparison is described in a fourth 
embodiment as below. However, since the direction of 
emitted light varies with various angles in the directive 
scattering layer 35, it is possible to obtain an advantage that 
a color shift is decreased when viewed from the front side 
and an angle of the colors in comparison with an organic EL 
device which does not include the directive scattering layer 
35. Specifically, since it is possible for the directive scat 
tering function to obtain a large effect as the wavelength 
becomes short, it is possible to decrease the color shift in the 
blue in which a color variation can be easily taken for a 
brightness variation when viewed in a wide angle. Accord 
ingly, it is possible to enhance a white balance when viewed 
in a wide angle. 

Second Embodiment 

0111. Next, a structure of a unit pixel group of the organic 
EL element with respect to a second embodiment of the 
organic EL element constituting an organic EL panel 1 will 
be described with reference to FIG. 13. 
0112 FIG. 13 is a diagram corresponding to FIG. 3 
showing the first embodiment of the organic EL element. 
About the same reference numerals and signs as those 
shown in FIG. 3, they are formed of the same configuration 
and member unless there are specific explanations. 
0113. In an organic EL element 1B according to the 
second embodiment, a configuration of the color filter Sub 
strate 40 is different from that of the organic EL element 1A 
according to the first embodiment. Specifically, the color 
filter substrate 40 includes the substrate 41 which is formed 
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of a transparent member Such as glass, the color filter layers 
42 (42B, 42G, and 42R) which are formed on the substrate 
41, a directive scattering layer 35 which is formed so as to 
cover the color filter layers 42, and the overcoat layer 43 
which is formed on the directive scattering layer 35. 
0114. In this case, the directive scattering layer 35 
includes a waveform structure 31 and performs an appro 
priate directive scattering. Therefore, it is possible to solve 
the problems with the low light extraction efficiency and the 
low color temperature of the panel. 

Third Embodiment 

0115) Next, a structure of a unit pixel group of a organic 
EL element with respect to a third embodiment of the 
organic EL element constituting the organic EL panel 1 will 
be described with reference to FIG. 14. 
0116 FIG. 14 is a diagram corresponding to FIG. 3 
showing the first embodiment of the organic EL element. 
About the same reference numerals and signs as those 
shown in FIG. 3, they are formed of the same configuration 
and member unless there are specific explanations. 
0117. In an organic EL element 1C according to the third 
embodiment, a configuration of the color filter substrate 40 
is different from that of the organic EL element 1A according 
to the first embodiment. Specifically, the color filter sub 
strate 40 includes a substrate 41 which is formed of the 
transparent member Such as a glass material, the color filter 
layers 42 (42B, 42G, and 42R) which are formed on the 
substrate 41, the overcoat layer 43 which is formed so as to 
cover the color filter layer 42, and a directive scattering layer 
35 which is formed on the overcoat layer 43. 
0118. In this case, the directive scattering layer 35 
includes the waveform structure 31 and performs an appro 
priate directive scattering. Therefore, it is possible to solve 
the problems with the low light extraction efficiency, the 
viewing angle, and the low color temperature of the panel. 

Fourth Embodiment 

0119) Next, a structure of a unit pixel group of the organic 
EL element with respect to a fourth embodiment of the 
organic EL element constituting the organic EL panel 1 will 
be described with reference to FIG. 15. 
0120 FIG. 15 is a diagram corresponding to FIG. 3 
showing the first embodiment of the organic EL element. 
About the same reference numerals and signs as those 
shown in FIG. 3, they are formed of the same configuration 
and member unless there are specific explanations. 
0121. In an organic EL element ID according to the 
fourth embodiment, a configuration of the color filter sub 
strate 40 is different from that of the organic EL element 1A 
according to the first embodiment. Specifically, the color 
filter substrate 40 includes the substrate 41 which is formed 
of the transparent member Such as a glass material, the color 
filter layers 42 (42B, 42G, and 42R) which are formed on the 
substrate 41, the overcoat layer 43 which is formed so as to 
cover the color filter layers 42, and the directive scattering 
layer 35 on the other surface of one surface of the substrate 
41 on which the color filter layers 42 are formed. 
0122. In this case, the directive scattering layer 35 
includes the waveform structure 31 and performs an appro 
priate directive scattering. Therefore, it is possible to solve 
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the problems with the low light extraction efficiency, the 
narrow viewing angle, and the low color temperature of a 
panel. 
I0123. In the embodiments 1 to 4, the color filter layers 42 
and the overcoat layer 43 are formed by the use of a coating 
method Such as a spin coat method or a vacuum thin film 
forming method Such as a sputter method and a deposition 
method. 
0.124 When the directive scattering layer 35 is not 
included as before or the directive scattering layer on which 
the uneven structure is formed in a cycle is included, light 
radiated from the light-emitting layer is propagated through 
a glass Substrate due to a condition of a total reflection, so 
that the light extraction efficiency is decreased. However, in 
the organic EL device 1 according to the embodiment 
including the directive scattering layer 35, since some of 
light propagated in the width direction is directively scat 
tered at an angle below the total reflection, light is emitted 
to the outside of the substrate, the light extraction efficiency 
is increased, and it is possible to increase the total amount 
of energy which is radiated to air at the time of an operation 
under the same current density. FIG. 16 is a graph of energy 
radiated to air on the viewer side with respect to the current 
density when turning on total colors of a red (R), a green (G), 
and a blue (B) so as to display a white. According to an 
observation of the graph, the organic EL device 1 (an 
example) according to the embodiment can increase the 
energy extraction efficiency under the same current density 
more than a comparative example which does not include 
the directive scattering layer 35. 
0.125. Additionally, since the direction of emitted light 
with various angles varies, in the organic EL device 1 (the 
example) according to the embodiment which includes the 
directive scattering layer 35, it is possible to obtain an effect 
that a color shift decreases when viewed from the front side 
and an angle of the color more than the comparative example 
which does not include the directive scattering layer 35. 
Since it is possible for the directive scattering function to 
obtain a large effect as the wavelength becomes short, it is 
possible to decrease the color shift in the blue in which the 
color variation can be easily taken for the brightness varia 
tion when viewed in a wide angle. Accordingly, it is possible 
to enhance the white balance when viewed in a wide angle. 
0.126 FIG. 17 is a table illustrating a measurement result 
of a chromaticity when observed in the direction of 0° and 
45° and a blue pixel XB is turned on. In the organic EL 
device 1 (the example) according to the embodiment which 
includes the directive scattering layer 35, it is possible to 
know that the color shift largely decreases more than the 
comparative example which does not include the directive 
scattering layer 35. 
I0127. In addition, FIG. 18 is a table illustrating a mea 
surement result of a chromaticity when observed in the 
direction of 0° and 45° and the red, green, and blue are 
altogether turned on so as to display the white. In the organic 
EL device 1 (the example) according to the embodiment 
which includes the directive scattering layer 35, it is possible 
to know that the color shift largely decreases more than the 
comparative example which does not include the directive 
scattering layer 35 even when the white is displayed. 
I0128. In the embodiments, the directive scattering layer 
35 which has the waveform structure 31 formed on any one 
of layers of the color filter substrate 40, but the directive 
scattering layer 35 which has the same waveform structure 
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31 may be formed on any one of layers of the substrate 20 
(that is, the side of the substrate on which the light-emitting 
layers 110 are formed) on which the pixel electrodes 23 are 
formed. 

Fifth Embodiment 

0129. Next, a structure of a unit pixel group of the organic 
EL element with respect to a fifth embodiment of the organic 
EL element constituting the organic EL panel 1 will be 
described with reference to FIG. 19. 
0130 FIG. 19 is a diagram corresponding to FIG. 3 
showing the first embodiment of the organic EL element. 
About the same reference numerals and signs as those 
shown in FIG. 3, they are formed of the same configuration 
and member unless there are specific explanations. 
0131 The organic EL element 1E according to the fifth 
embodiment is the organic EL element of a bottom emission 
type, which light radiated from the light-emitting layers 110 
is emitted from the substrate 20 including the pixel elec 
trodes 23. 

0132) The organic EL element 1E includes the directive 
scattering layer 35 which is formed on the substrate 20 
formed of the transparent material Such as glass, and each of 
the pixel electrodes 23 are formed on all pixels XB, XG, and 
XR with a predetermined pattern with the passivation layer 
22 interposed therebetween, on the directive scattering layer 
35. The directive scattering layer 35 includes the waveform 
structure 31 in the same way as the above-mentioned 
embodiments and includes the directive scattering function. 
0133. The light-emitting layers 110 including the hole 
transporting layers 70, the organic EL layers 60, and the 
electron transporting layers 55 and the negative electrodes 
50 are formed on the pixel electrodes 23. The sealing layer 
51 which covers the laminated bodies of from the pixel 
electrodes 23 to the negative electrodes 50 is formed on the 
passivation layer 22. The blue organic EL layer 60B, the 
green organic EL layer 60G, and the red organic EL layer 
60R of the organic EL layers 60 are patterned in all pixels 
XB, XG, and XR. 
0134 Herein, since the organic EL element 1E is of a 
bottom emission type, the pixel electrodes 23 are formed of 
a transparent electrical conducting material, for example, 
ITO (an indium tin oxide). Meanwhile, the negative elec 
trodes 50 are formed of an electrical conducting material 
having the light reflectivity, for example, aluminum. 
0135) In the organic EL element 1E according to the 
embodiment, the directive scattering layer 35 includes the 
waveform structure 31 and performs the appropriate direc 
tive scattering. Therefore, it is possible to solve the problems 
with the low light extraction efficiency, the low color tem 
perature of the panel, and the narrow viewing angle. 

Sixth Embodiment 

0136. Next, a structure of a unit pixel group of the organic 
EL element with respect to a sixth embodiment of the 
organic EL element constituting the organic EL panel 1 will 
be described with reference to FIG. 20. 
0.137 FIG. 20 is a diagram corresponding to FIG. 3 
showing the first embodiment of the organic EL element. 
About the same reference numerals and signs as those 
shown in FIG. 3, they are formed of the same configuration 
and member unless there are specific explanations. 
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0.138. The organic EL element IF according to the sixth 
embodiment is the organic EL element of a bottom emission 
type, which light radiated from the light-emitting layers 110 
is emitted from the substrate 20 including the pixel elec 
trodes 23. 
0.139. The organic EL element IF includes the passivation 
layer 22 on the substrate 20 which is formed of the trans 
parent material Such as glass, and includes the directive 
scattering layer 35 on the passivation layer 22. The lami 
nated bodies formed of the pixel electrodes 23, the light 
emitting layers 110, and the negative electrodes 50 and the 
sealing layer 51 are formed on the directive scattering layer 
35. The directive scattering layer 35 includes the waveform 
structure 31 in the same way as above-mentioned embodi 
ments and includes the directive scattering function. Herein, 
since the organic EL element IF is of a bottom emission type, 
the pixel electrodes 23 are formed of a transparent electrical 
conducting material, for example, ITO (an indium tin oxide). 
Meanwhile, the negative electrodes 50 are formed of an 
electrical conducting material having the light reflectivity, 
for example, aluminum. 
0140. In the organic EL element IF according to the 
embodiment, the directive scattering layer 35 includes the 
waveform structure 31 and performs an appropriate directive 
scattering. Therefore, it is possible to solve the problems 
with the low light extraction efficiency, the low color tem 
perature of a panel, and the narrow viewing angle. 

Seventh Embodiment 

0141 Next, a structure of a unit pixel group of the organic 
EL element with respect to a seventh embodiment of the 
organic EL element constituting the organic EL panel 1 will 
be described with reference to FIG. 21. 
0.142 FIG. 21 is a diagram corresponding to FIG. 3 
showing the first embodiment of the organic EL element. 
About the same reference numerals and signs as those 
shown in FIG. 3, they are formed of the same configuration 
and member unless there are specific explanations. 
0143. The organic EL element 1G according to the sev 
enth embodiment is the organic EL element of a bottom 
emission type, which light radiated from the light-emitting 
layers 110 is emitted from the substrate 20 including the 
pixel electrodes 23. 
0144. The organic EL element 1G includes the passiva 
tion layer 22 on the substrate 20 which is formed of a 
transparent material Such as glass, and includes the directive 
scatting layer 35 on the other surface (the other surface of 
the substrate 20) of one surface of the substrate 20 on which 
the passivation layer 22 is formed. The laminated bodies 
formed of the pixel electrodes 23, the light-emitting layers 
110, and the negative electrodes 50 and the sealing layer 51 
are formed on the passivation layer 22. The directive scat 
tering layer 35 includes the waveform structure 31 in the 
same way as the above-mentioned embodiments and 
includes the directive scattering function. Herein, since the 
organic EL element 1G is the bottom emission type, the 
pixel electrodes 23 are formed of a transparent electrical 
conducting material, for example, ITO (an indium tin oxide). 
Meanwhile, the negative electrodes 50 are formed of an 
electrical conducting material having the light reflectivity, 
for example, aluminum. 
0145. In the organic EL element 1G according to the 
embodiment, the directive scattering layer 35 includes the 
waveform structure 31 and performs an appropriate directive 
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scattering. Therefore, it is possible to solve the problems 
with the low light extraction efficiency, the low color tem 
perature of a panel, and the narrow viewing angle. 
0146 A method of forming the directive scattering layer 
35 
0147 The directive scattering layer 35 used in the above 
mentioned embodiments can be formed as a method in the 
following. Specifically, the waveform structure 31 is 
obtained by forming the thin film formed of mesoporous 
silica to be the thickness in the range of 10 nm to 230 nm (for 
example, 150 nm). Herein, a mesoporous silica film is 
obtained by performing a spin coat method with the number 
of 2500 rpm for 30 seconds to a silicon alkoxide solution 
having a solid content of 5% or so and by performing a 
baking process in vacuum at a temperature of 350° C. for 1 
hour. The mesoporous silica film according to the above 
method includes the waveform structure 31 and exhibits the 
scattering function. 
0148. In order to design the distance between the convex 
portions and the height between the top convex portion and 
the bottom concave portion in the waveform structure 31 to 
be the above-mentioned range, it is preferable that a solid 
content of a silicon alkoxide solution is designed to be in the 
range of 3 wt % to 8 wt %, and the number of rotations of 
a spin coat, is designed to be in the range of 1500 rpm to 
4000 rpm. Additionally, it is preferable that a baking tem 
perature is in the range of 300 to 400°C., and a baking time 
is for 0.3 to 5 hours. 
0149 Other than the above-mentioned method, for 
example, it is possible to give the waveform structure to the 
coating film by performing a plasma treatment to a coating 
film formed of an organic material, an inorganic material, an 
organic-inorganic hybrid material for a predetermined time 
(for example, several tens of seconds). 
0150. Additionally, it is possible to give the waveform 
structure to the coating film by polishing the formed coating 
film by the use of slurry Suspension in the range of 0.1 um 
to 10 Oom. 
0151. It is possible to give the waveform structure by the 
use of a deposition method or a sputter method. In the fast 
film formation rate of 100nm/s, when the film is formed by 
the use of a vacuum film forming method, there occurs a 
cluster. Therefore, it is possible to generate the waveform 
structure in the same way as described above. 
0152. Additionally, it is possible to give the waveform 
structure by burying a resin of a nanoscale size, coating with 
a coat material having the same refractive index after it is 
buried, or the like. 
0153. Among them, when the mesoporous silica material 

is used, only the coating process such as the spin coat and 
the baking process are performed, and thus it is preferable 
because a load of the process is relatively less. 

Eighth Embodiment 
0154 The organic EL panel 1 according to the above 
mentioned embodiment includes the blue pixel XB, the 
green pixel XG, and the red pixel XR so as to display a full 
color display. However, for example, it is possible to employ 
a configuration according to the embodiments of the inven 
tion for the organic EL panel of a monochromatic bottom 
emission type as shown in FIG. 22. FIG. 22 is a schematic 
diagram illustrating a sectional configuration of an organic 
EL element 1H of the monochromatic bottom-emission type. 
FIG. 22 is a diagram corresponding to FIG. 3 showing the 
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first embodiment of the organic EL element. About the same 
reference numerals and signs as those shown in FIG. 3, they 
are formed of the same configuration and member unless 
there are specific explanations. 
0155 The organic EL element 1H according to an eighth 
embodiment includes the single organic EL layer 60 and is 
an organic EL element of the monochromatic bottom emis 
sion type, which light radiated from the light-emitting layer 
110 which can emit monochromatic (herein, a blue) light is 
emitted from the substrate 20 including the pixel electrode 
23. 

0156 The organic EL element 1H includes the directive 
scattering layer 35 which is formed on the substrate 20 
formed of a transparent material Such as glass, and the pixel 
electrode 23 is formed on the directive scattering layer 35 
with the passivation layer 22 interposed therebetween. The 
directive scattering layer 35 includes the waveform structure 
31 in the same way as the above-mentioned embodiments 
and includes the directive scattering function. 
0157. The light-emitting layer 110 including the hole 
transporting layer 70, the organic EL layer 60, and the 
electron transporting layer 55 and the negative electrode 50 
are formed on the pixel electrode 23. The sealing layer 51 
which covers the laminated body of from the pixel electrode 
23 to the negative electrode 50 is formed on the passivation 
layer 22. The organic EL layer 60 is formed of an organic EL 
material which can emit blue light. Herein, since the organic 
EL element 1E is the bottom emission type, the pixel 
electrode 23 is formed of a transparent electrical conducting 
material, for example, ITO fan indium tin oxide). Mean 
while, the negative electrode 50 is formed of an electrical 
conducting material having the light reflectivity, for 
example, aluminum. In the organic EL element 1H accord 
ing to the embodiment, the directive scattering layer 35 
includes the waveform structure 31 and performs an appro 
priate directive scattering. Therefore, it is possible to solve 
the problems with the low light extraction efficiency and the 
narrow viewing angle. 
0158. Herein, the waveform structure 31 constituting the 
directive scattering layer 35 of the organic EL element 1H 
according to the eighth embodiment is configured to exhibit 
the direct scattering most strongly in an emission wave 
length range of an emission color. FIG. 23 is a graph 
illustrating a peak wavelength of a spectrum of an emission 
color of the organic EL layer 60. In the embodiment, the 
waveform structure 31 includes a random unevenness struc 
ture, and a mean value of a cycle of a wave form is 
substantially made to be within the range of +250 nm 
centered around a peak wavelength of a spectrum of an 
emission color. Namely, since a peak wavelength of an 
emission spectrum of the organic EL layer 60 according to 
the embodiment is 420 nm, the mean value of the cycle of 
the wave form is designed to be in the range of 170 nm to 
670 nm. 

0159. In the organic EL element 1H, when current flows 
between the pixel electrode 23 and the negative electrode 50. 
the organic EL layer 60 emits light, and an emission color (a 
blue light) is emitted from the substrate 20 via the pixel 
electrode 23 or an emission color is reflected on the negative 
electrode 50 and is emitted from the substrate 20 via the 
pixel electrode 23. At this time, it is possible to widen the 
narrow viewing angle since the directive scattering layer 35 
is formed on the substrate 20. 
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0160 FIG. 24A is a detected result of directively scat 
tered light in transmission when light having a wavelength 
of 420 nm is incident on the directive scattering layer 35 at 
various angles of 0°, 15, 30°, and 60°. The horizontal axis 
indicates a light-receiving angle () and the vertical axis 
indicates a detected intensity (a.u.). In addition, FIG. 24B is 
a detected result of directively scattered light in reflection 
when light having a wavelength of 420 nm is incident on the 
directive scattering layer 35 at various angles of 0°, 15°. 30°. 
and 60°. The horizontal axis indicates a light-receiving angle 
() and the vertical axis indicates a detected intensity (a.u.). 
In FIGS. 24A and 24B, the detected intensity in the incident 
angle in transmission is normalized, and the detected inten 
sity in the specular reflection direction in reflection is 
normalized. 
0161. As mentioned above, according to the directive 
scattering layer 35 which is used in the embodiment, in the 
proximity of a wavelength of a blue, a detected peak due to 
the directive scattering is found in the angular range oft25°. 
with respect to the direction of incident light or reflected 
light in transmission and reflection. When an average of 
waveform cycle substantially coincides with the wave 
length, the directive scattering occurs strongly. With the help 
of the waveform structure 31, the directive scattering is 
performed. Different from a diffractive effect at the time of 
forming an unevenness structure provided with a regular 
cycle, Some of incident light is scattered with the same 
directivity at the almost same angle even when the incident 
angle varies. 
0162 FIG. 25A is a diagram illustrating a transmission 
characteristic when a waveform cycle is changed to 420 nm, 
550 nm, and 680 nm of the wavelength of incident light. 
FIG. 25B is a diagram illustrating a reflection characteristic 
when the waveform cycle is changed to 420 nm, 550 nm, 
and 680 nm of the wavelength of incident light. In FIGS. 
25A and 25B, the horizontal axis indicates an average of the 
waveform cycle, and the vertical axis indicates an absolute 
intensity of directively scattered light which is detected. 
0163. It is possible to form a shape having a different 
waveform cycle by changing the thickness of the film 
formed out of mesoporous silica to be in the range of 80 nm 
to 200 nm. For example, when substantially the thickness of 
the film formed out of the mesoporous silica is 130 nm, the 
waveform cycle becomes in the range of 500 nm to 1050 nm. 
Therefore, it is possible for an average of a cycle to be 
formed in the range of 650 nm or so. 
0164. An average of a waveform cycle in which direc 
tively scattered light is not detected in 420 nm, 550 nm, and 
680 nm of the wavelength of incident light is the range of 
170 nm to 670 nm, the range of 300 nm to 800 nm, and the 
range of 430 nm to 930 nm, respectively, and is the range of 
-250 nm to +250 nm with respect to the wavelength of 
incident light. In the embodiment, the detected peak due to 
the directive scattering is set be in the angular range oft25° 
with respect to the direction of incident light or reflected 
light, but it is possible to control an angle of directively 
scattered light by changing an average depth of waveform. 

Ninth Embodiment 

0.165 Next, a sectional structure of the organic EL ele 
ment with respect to a ninth embodiment of an organic EL 
element constituting an organic EL panel will be described 
with reference to FIG. 26. 

Feb. 21, 2008 

0166 FIG. 26 is a diagram corresponding to FIG. 3 
showing the first embodiment of the organic EL element. 
About the same reference numerals and signs as those 
shown in FIG. 3, they are formed of the same configuration 
and member unless there are specific explanations. 
0167. The organic EL element 1 I according to the ninth 
embodiment is an organic EL element with a bottom emis 
sion type, which light radiated from a light-emitting layer 
110 is emitted from a substrate 20 including a pixel electrode 
23. 

0.168. The organic EL element 11 includes a passivation 
layer 22 on the substrate 20 which is formed of a transparent 
material Such as glass, and includes a directive scattering 
layer 35 on the passivation layer 22. The laminated body 
formed of a pixel electrode 23, the monochromatic (a blue) 
light-emitting layer 110, and the negative electrode 50 and 
a sealing layer 51 are formed on the directive scattering layer 
35. The directive scattering layer 35 includes a waveform 
structure 31 in the same way as above-mentioned embodi 
ments and includes a directive scattering function. Herein, 
since the organic EL element 1I is a bottom emission type, 
the pixel electrode 23 is formed of a transparent electrical 
conducting material, for example, ITO (an indium tin oxide). 
Meanwhile, the negative electrode 50 is formed of an 
electrical conducting material having the light reflectivity, 
for example, aluminum. 
0169. In the organic EL element 1 I according to the 
embodiment, the directive scattering layer 35 includes the 
waveform structure 31 and performs an appropriate directive 
scattering. Therefore, it is possible to solve the problems 
with the low light extraction efficiency and the narrow 
Viewing angle. 

Tenth Embodiment 

0170 Next, a sectional structure of the organic EL ele 
ment with respect to a tenth embodiment of the organic EL 
element constituting the organic EL panel will be described 
with reference to FIG. 27. 
0171 FIG. 27 is a diagram corresponding to FIG. 3 
showing the first embodiment of the organic EL element. 
About, the same reference numerals and signs as those 
shown in FIG. 3, they are formed of the same configuration 
and member unless there are specific explanations. 
0172 An organic EL element 1J according to the tenth 
embodiment is the organic EL element of the bottom emis 
sion type, which light radiated from the light-emitting layer 
110 is emitted from the substrate 20 including the pixel 
electrode 23. 

0173 The organic EL element 1J includes the passivation 
layer 22 on the substrate 20 which is formed of a transparent 
material Such as glass, and includes a directive scatting layer 
35 on the other surface (the other surface of the substrate 20) 
of one surface of the substrate 20 on which the passivation 
layer 22 is formed. The laminated body formed of the pixel 
electrode 23, the light-emitting layer 110, and the negative 
electrode 50 and the sealing layer 51 are formed on the 
passivation layer 22. The directive scattering layer 35 
includes the waveform structure 31 in the same way as 
above-mentioned embodiments and includes the directive 
scattering function. Herein, since the organic EL element U 
is the bottom emission type, the pixel electrode 23 is formed 
of a transparent electrical conducting material, for example, 
ITO (an indium tin oxide). Meanwhile, the negative elec 
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trode 50 is formed of an electrical conducting material 
having the light reflectivity, for example, aluminum. 
0.174. In the organic EL element 1J according to the 
embodiment, the directive scattering layer 35 includes the 
waveform structure 31 and performs an appropriate directive 
scattering. Therefore, it is possible to solve the problems 
with the low light extraction efficiency and the narrow 
viewing angle, in a blue pixel XB. 
0.175. As the embodiments 8 and 9, when the passivation 
layer 22 or the pixel electrode 23 is formed on the waveform 
structure 31, it is possible to form a layered structure on the 
upper portion without an occurrence of cracking and the like 
since the depth of waveform is very small. Additionally, it is 
possible to form the directive scattering layer 35 including 
the waveform structure 31 on a surface (that is, the sealing 
layer 51) on the viewer side. The directive scattering layer 
35 constituting the organic EL element in the embodiments 
8 to 10 can be formed by forming the thin film out of the 
mesoporous silica as described above. 

Eleventh Embodiment 

0176) Next, a structure of a unit pixel group of the organic 
EL element with respect to an eleventh embodiment of the 
organic EL element constituting the organic EL panel will be 
described with reference to FIG. 28. 
0177 FIG. 28 is a diagram corresponding to FIG. 3 
showing the first embodiment of the organic EL element. 
About the same reference numerals and signs as those 
shown in FIG. 3, they are formed of the same configuration 
and member unless there are specific explanations. 
0.178 The organic EL element 1K according to the elev 
enth embodiment is the organic EL element of the bottom 
emission type, which light radiated from the light emitting 
layers 110 is emitted from the substrate 20 including the 
pixel electrodes 23. Additionally, the blue organic EL layer 
60B, the green organic EL layer 60G, and the red organic EL 
layer 60R of the light-emitting layers 110 are patterned in 
every pixel So as to display a full color display. A peak 
wavelength of a blue emission, spectrum is 440 nm, a peak 
wavelength of a green emission spectrum is 520 nm, and a 
peak wavelength of a red emission spectrum is 630 nm. 
0179 The organic EL element 1 K includes the directive 
scattering layer 35 on the substrate 20 which is formed of a 
transparent material Such as glass, and the passivation layer 
22 is formed on the substrate 20 which includes the directive 
scattering layer 35. The laminated bodies formed of the pixel 
electrodes 23, the light-emitting layers 110, and the negative 
electrodes 50 and the sealing layer 51 are formed on the 
passivation layer 22. Since the organic EL element 1 K is the 
bottom emission type, the pixel electrode 23 is formed of a 
transparent electrical conducting material, for example, ITO 
(an indium tin oxide). Meanwhile, the negative electrodes 50 
are formed of an electrical conducting material having the 
light reflectivity, for example, aluminum. 
0180 Herein, a blue directive scattering layer 35B, a 
green directive scattering layer 35G, and a red directive 
scattering layer 35R of the directive scattering layers 35 are 
patterned in every pixel. The directive scattering layers 35B. 
35G, and 35R have different waveform structures 31B, 31G, 
and 31R, respectively. Specifically, in the blue directive 
scattering layer 35B of the blue pixel, a waveform cycle of 
a waveform structure 31B is substantially in the range of 200 
nm to 690 nm, and an average of the waveform cycle is 
substantially 450 nm. In the green directive scattering layer 
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35G of the green pixel, a waveform cycle of a waveform 
structure 31G is substantially in the range of 270 nm to 770 
nm, and an average of the waveform cycle is Substantially 
510 nm. In the red directive scattering layer 35R of a red 
pixel, a waveform cycle of a waveform structure 31R is 
substantially in the range of 400 nm to 980 nm, and an 
average of the waveform cycle is substantially 650 nm. 
0181 Such the directive scattering layers 35B, 35G, and 
35R can be formed by performing methods such as a spin, 
a flexography printing, and an inkjet to an alkoxy silane 
Solution several times so that a film thickness out of a 
mesoporous silica is in the range of 175 nm, 155 nm, and 
135 nm. 
0182. In the organic EL element 1 K according to the 
embodiment, the directive scattering layers 35B, 35G, and 
35R include the waveform structures 31B, 31G, and 31R, 
and performs the directive scattering appropriately. There 
fore, it is possible to solve the problems with the low light 
extraction efficiency and the narrow viewing angle. Specifi 
cally, 1.5 times energy can be supplied to the air layer on the 
viewer side more than the organic EL element which does 
not include the directive, scattering layer 35 when the colors 
R, G, and B are turned on so as to display the white color. 
0183 In the embodiment, the directive scattering layer 
including the waveform structure which corresponds to a 
wavelength of each color pixel is formed. However, when 
there is a color which is necessary to increase the extraction 
efficiency thereof for the purpose of enhancing a color taste 
of a panel, the directive scattering layer 35 may be selec 
tively formed in a portion corresponding to the pixel. 
0184. When there is one color which is necessary to 
increase the extraction efficiency thereof in a full color 
organic EL panel and the directive scattering layer 35 
including the waveform structure corresponding to the color 
is formed in the entire surface of the substrate, it is possible 
to selectively enhance the light extraction efficiency with 
respect to the color. 
0185. In addition, an interface on which the color direc 
tive scattering layer 35B, 35G, and 35R are formed is not 
limited to the interface between the substrate 20 and the 
passivation layer 22 as shown in FIG. 28. For example, the 
respective color directive scattering layers 35B, 35G, and 
35R may be formed in an interface between the passivation 
layer 22 and the pixel electrodes 23 as shown in FIG. 29, and 
an outer surface (a different surface from the surface on 
which the passivation layer 22 is formed) of the substrate 20 
as shown in FIG. 30. 

Twelfth Embodiment 

0186 Next, a sectional structure of the organic EL ele 
ment with respect to a twelfth embodiment of the organic EL 
element constituting the organic EL panel will be described 
with reference to FIG. 31. 
0187 FIG. 31 is a diagram corresponding to FIG. 3 
showing the first embodiment of the organic EL element. 
About the same reference numerals and signs as those 
shown in FIG. 3, they are formed of the same configuration 
and member unless there are specific explanations. 
0188 The organic EL element 1N according to the 
twelfth embodiment is the organic EL element of the top 
emission type, which light radiated from the light-emitting 
layer 110 is emitted from the color filter substrate 40 formed 
on the negative electrode 50. The light-emitting layer 110 is 
formed of a monochromatic organic EL layer 60 of the blue. 
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The organic EL element 1N is formed of the monochromatic 
top emission type, includes the single organic EL layer 60, 
arid is the organic EL element of the monochromatic top 
emission type, which light radiated from the light-emitting 
layers 110 which can emit monochromatic (herein, a blue) 
light is emitted from a substrate 40 including the blue color 
filter layer 42B. 
0189 The organic EL element 1N includes a reflection 
layer 21 on the substrate 20 which is formed of a transparent 
material Such as glass, and the pixel electrode 23 is on the 
reflection layer 21 with the passivation layer 22 interposed 
therebetween. The light-emitting layer 110 which include 
the hole transporting layer 70, the organic EL layer 60, the 
electron transporting layer 55 and the negative electrode 50 
are formed on the pixel electrode 23. The sealing layer 51 is 
formed on the passivation layer 22 so as to cover the 
laminated body of from the pixel electrode 23 to the negative 
electrode 50. The filler 33 which is filled in a region 
surrounded by the sealing material 32 is formed on the 
sealing layer 51, and the color filter substrate 40 is formed 
on the upper surface thereof. 
0190. The color filter substrate 40 includes a substrate 41, 
the directive scattering layer 35 disposed in the inner surface 
(the filler 33 side) of the substrate 41, the blue color filter 
layer 42B disposed in the inner surface of the directive 
scattering layer 35, and the overcoat layer 43 in the inner 
surface of the directive scattering layer 35 including the, 
color filter layer 42B. 
0191 In the organic EL element 1N according to the 
embodiment, the directive scattering layer 35 includes the 
waveform structure 31 and performs an appropriate directive 
scattering. Therefore, it is possible to solve the problems 
with the low light extraction efficiency and the viewing 
angle. In the case of the embodiment, since the depth of 
waveform is very small, it is possible to form a layered 
structure in the upper portion without an occurrence of 
cracking and the like. 
0.192 Additionally, as an interface in which the directive 
scattering layer 35 is formed in the color filter substrate 40 
is not limited to the interface between the substrate 41 and 
the color filter layer 42B as shown in FIG. 31. For example, 
the directive scattering layer 35 may be disposed in an 
interface between the overcoat layer 43 and the filler 33 as 
an organic EL element 10 shown in FIG. 32, and an outer 
surface (a different surface from the surface on which the 
filler 33 is formed) of the substrate 41 as an organic EL 
element 1P shown in FIG. 33. Alternatively, it can be 
disposed in an interface between the color filter layer 42B 
and the overcoat 43 as an organic EL element 1CR shown in 
FIG. 34. 

0193 As described above, although the light-emitting 
device according to the embodiments of the invention has 
been described with reference to the several embodiments, 
the invention is not limited to the embodiments. 

0194 For example, the light-emitting device according to 
the embodiment includes the directive scattering layer 35 
including the waveform structure 31 which is disposed in the 
interface between the substrate 41 and the color filter layer 
42, but the directive scattering layer 35 can be formed in 
other interfaces of the thin films. Specifically, it can be 
disposed in one interface of the substrate 20, the reflection 
layer 21, the passivation layer 22, the pixel electrode 23, the 
hole transporting layer 70, the light-emitting layers 60, the 
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electron transporting layer 55, the negative electrode 50, the 
filler 33, the overcoat layer 43, the color filter layer 42, and 
the substrate 41. 
0.195 For instance, when the organic EL layer (the light 
emitting layer) is formed by stacking two or more light 
emitting layers so as to display white color with low 
molecular organic EL, the configuration according to the 
embodiments of the invention can be applied. In this case, an 
interface for forming the directive scattering layer is not 
specially limited in the same way as the embodiment. 
0196. Herein, when there are two or more peaks of an 
emission spectrum, the light extraction efficiency can be 
increased and the viewing angle can be appropriately wid 
ened by overlapping two or more directive scattering layers 
including a waveform structure (that is, the waveform cycle 
is in the range of +250 nm centered around the peak 
wavelength) having a configuration corresponding to two 
peak wavelengths. Additionally, when there is provided a 
directive scattering layer including a waveform structure 
(that is, the waveform cycle is in the range of +250 nm 
centered around the peak wavelength) having a configura 
tion corresponding one peak wavelength, about 1.2 to 1.5 
times energy can be Supplied to the air layer on the viewer 
side. 

0.197 As mentioned above, when there are three peaks of 
an emission spectrum, the advantage of some aspects of the 
invention can be exhibited by forming a directive scattering 
layer including a waveform structure (that is, the waveform 
cycle is in the range of t250 nm centered around the peak 
wavelength) having a configuration corresponding to each 
peak wavelength, forming a directive scattering layer 
including a waveform structure (that is, the waveform cycle 
is in the range of +250 nm centered around the peak 
wavelength) having a configuration corresponding to two 
peak wavelengths, or forming a directive scattering layer 
including a waveform structure (that is, the waveform cycle 
is in the range of +250 nm centered around the peak 
wavelength) having a configuration corresponding to one 
optional peak wavelength. 
0.198. In an emission spectrum of two peaks of an emis 
sion spectrum, occasionally there is a case that a green 
emission intensity is particularly Small and a color rendering 
function of a panel is not sufficient. In this case, the color 
rending function of the panel can be increased by forming a 
waveform structure (that is, the waveform cycle is in the 
range of t250 nm centered around the peak wavelength) 
corresponding to a wavelength of a color having a small 
emission intensity so that the emission of the color having 
the small emission intensity is selectively and efficiently 
Supplied to the air layer. 
0199 The full color organic EL element with a top 
emission type as shown in FIG. 3 can include a waveform 
structure (that is, the waveform cycle is in the range of +250 
nm centered around the peak wavelength) corresponding to 
a peak wavelength of an emission spectrum. Pixels disposed 
in a matrix arrangement can obtain the same directive 
scattering effect even when it is formed by coating with a 
luminous material by the use of a mask deposition method, 
white emission is generated by the use of a microcavity, and 
the luminous material coating and the microcavity are used 
together. Specifically, the waveform structure can be formed 
in matrix positions corresponding to color pixels by the use 
of luminous materials having a peak of 465 nm in a blue 
emission spectrum, a peak of 525 nm in a green emission 



US 2008/0042154 A1 

spectrum, and a peak of 630 nm in a red emission spectrum. 
Herein, the waveform structure can be designed so that the 
waveform cycle is substantially in the range of 200 nm to 
730 nm and an average of the waveform cycle is substan 
tially 450 nm in a blue region, the waveform cycle is 
substantially in the range of 300 nm to 775 nm and an 
average of the waveform cycle is substantially 550 nm in a 
green region, and the waveform cycle is Substantially in the 
range of 400 nm to 980 nm and an average of the waveform 
cycle is substantially 650 nm. In this case, 1.62 times energy 
can be supplied to the air layer on the viewer side more than 
the case that the waveform structure is not provided when 
white is displayed by turning on red, green, and blue pixels. 
0200. Such the waveform structure can be formed by 
performing methods such as a spin, a flexography printing, 
and an inkjet to an alkoxy silane solution several times so 
that a film thickness out of a mesoporous silica is in the 
range of 170 nm, 140 nm, and 135 nm. In this case, for 
example, it is possible to form a waveform structure which 
exhibits the directive scattering effect in a visible light 
region by forming the film thickness out of the mesoporous 
silica to be in the range of 40 nm to 200 nm or so. 
Additionally, it is possible to form a waveform structure 
which exhibits the directive scattering effect in wavelength 
regions of a red, a green, and a blue by forming the film 
thickness out of the mesoporous silica to be in the range of 
110 nm to 140 nm, 140 nm to 159 nm, and 160 nm to 230 
nm, respectively. 
0201 Other than forming the waveform structure corre 
sponding to the wavelength of the color in respective color 
pixels, when there is a color of which the extraction effi 
ciency is required to be increased so as to enhance a color 
taste of a panel, the waveform structure may be selectively 
formed in a portion corresponding to the pixel. Additionally, 
when there is one color of which the extraction efficiency is 
required to be increased in a full color display, a waveform 
structure including a waveform cycle corresponding to the 
peak wavelength of the color spectrum may be formed in the 
total surface of a substrate. 

Electronic Apparatus 
0202 Next, an electronic apparatus according to another 
aspect of the invention will be described. 
0203 The electronic apparatus has the organic EL panel 
1 as a display portion, that is, a specific example shown in 
FIG. 35. 
0204 FIG. 35A is a perspective view illustrating an 
example of a cellular phone. In FIG. 35A, a cellular phone 
1000 includes a display portion 1001 using the organic EL 
panel 1. 
0205 FIG. 35B is a perspective view illustrating a wrist 
watch-type electronic apparatus. In FIG. 35B, a watch 1100 
includes a display portion 1101 using the organic EL panel 
1. 
0206 FIG. 35C is a perspective view illustrating an 
example of a portable information processing device Such as 
a word processor and PC. In FIG. 35C, an information 
processing device 1200 includes an input portion 1201 for a 
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keyboard, a display portion 1202 using the organic EL panel 
1, and a main body 1203 of an information processing 
device. 
0207. The electronic apparatuses in FIGS. 35A to 35C, 
since there are provided the display portions 1001, 1101, and 
1202 having the organic EL panel 1 (the organic EL device), 
the organic EL device constituting the display portion 
achieves a high brightness and a Suppression of a color shift 
as well. 
0208. The entire disclosure of Japanese Application No. 
2006-136168, filed May 16, 2006 is expressly incorporated 
by reference herein. 
What is claimed is: 
1. A light-emitting device in which a plurality of thin films 

including a light-emitting layer are stacked, the light-emit 
ting device comprising: 

a waveform structure having a directive scattering func 
tion in one interface between the thin films. 

2. The light-emitting device according to claim 1, wherein 
the waveform structure includes a plurality of convex and 
concave portions randomly disposed and the convex and 
concave portions have a smooth Surface. 

3. The light-emitting device according to claim 2, wherein 
the distance between adjacent convex portions in the wave 
form structure is in the range of 300 nm to 1200 nm. 

4. The light-emitting device according to claim 2, wherein 
the distance between adjacent convex portions in the wave 
form structure is in the range of -250 nm to +250 nm 
centered around a peak wavelength of a spectrum of an 
emission color in the light-emitting layer. 

5. The light-emitting device according to claim 2, wherein 
the height between a convex top portion and a concave 
bottom portion in the waveform structure is in the range of 
50 nm to 500 nm. 

6. The light-emitting device according to claim 1, wherein 
the waveform structure occupies 30% or more of the total 
area of the interface between the thin films. 

7. A method of fabricating a light-emitting device in 
which a plurality of thin films including a light-emitting 
layer are stacked, and the light-emitting device includes a 
waveform structure having a directive scattering function in 
one interface between the thin films, the method comprising: 

a waveform structure forming process of forming a film 
made of mesoporous silica by the use of a spin coat 
method and forming the waveform structure. 

8. The method according to claim 7, wherein a film 
forming condition of the waveform structure is designed so 
that the thickness of the film formed of the mesoporous silica 
is in the range of 10 nm to 300 nm. 

9. The method according to claim 7, wherein the wave 
form structure forming process includes: 

depositing a silicon alkoxide solution having a solid 
content in the range of 3 wt % to 8 wt % by the use of 
a spin coat method with a spin coat rotation speed in the 
range of 1500 rpm to 4000 rpm; and 

performing a baking process in vacuum in the temperature 
range of 300 to 400° C. for 0.5 to 5 hours. 

10. An electronic apparatus comprising the light-emitting 
device according to claim 1. 
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